Synthesis and characterization of lead Zirconate Titanate (Pb[Zr0.52Ti0.48]O3) properties via high energy planetary ball milling by Nur Shafiza Afzan, Sharif
REFERENCES 
 
Adams, T.B., Sinclair, D.C. and West, A.R. 2002. Giant Barrier Layer Capacitance 
Effects in CaCu3Ti4O12Ceramics. Advance Materials. 14: 1321–1323. 
 
Alias, R., Ibrahim, A., Shapee, S.M., Ambak, Z., Yusoff, Z.M. and Saad, M.R. 2009. 
Microstructure and Thermal Diffusivity of Al2O3-SiO2-Based Substrate with 
Varied Sintering Temperatures. Journal of the Australian Ceramic Society. 45: 
80-84. 
 
Amer, A.M., Ibrahim, S.A., Rama, R.M. and Ahmed, M.S. 2005. Reactive Calcination 
Derived PZT Ceramics. Journal of Electroceramics. 14:273-281. 
 
Amorin, H., Ricote, J., Holc, J., Kosec, M. and Alguero, M. 2008. Homogeneous 
Template Grain Growth 0.65Pb(Mg1/3Nb2/3)O3-0.35PbTiO3 from 
Nanocrytalline Powders Obtained by Mechanochemical Activation. Journal of 
European Ceramic Society. 28: 2755-2763. 
 
Aoyagi, R., Iwata, M. and Maeda, M. 2007. Effect of Sintering Temperature on the 
Dielectric Properties of CaCu3Ti4O12 Ceramics. Ferroelectrics. 356: 90–94. 
 
APC International Ltd. 2010.Piezoelectricity Theory, Piezo Manufacture, Applications 
and Reference Book, http://www. americanpiezo.com/piezo_theory/index.html. 
 
Baltazar-Rodriguesa, J., Jra, P.R., Cruza, G.K., Lenteb, M.H. and Eiras, J.A. 
2014.Preparation and Characterization of PbTiO3 Ceramics Modified by a 
Natural Mixture of Rare Earth Oxides of Xenotime. Materials Research. 17: 1-
6. 
Banijamali, S., Eftekkhari Yekta, B., Rezaie, H.R. and Marghussian, V.K. 2009. 
 Crystallization and Sintering Characteristics of CaO-Al2O3-SiO2 Glasses in the 
 Presence of TiO2, CaF2 and ZrO2. Thermochimica Acta. 488: 60-65. 
 
Barabanova, E.V., Malyshkina, O.V., Ivanova, A.I., Posadova, E.M., Zaborovskiy, 
K.M. and Daineko, A.V. Effect of Porosity on the Electrical Properties of PZT 
Ceramics. 2013. Functional and Nanotechnologies. 49: 012026 
 
Bhatt, S.S., Chaudhry,S. C.,Sharma, N. and Sonia Gupta, S. 2010.Synthesis of 
NanocrystallineSpatulae of Lead ZirconateTitanate (Pb[Zr0.52Ti0.48]O3). Journal 
of Nature Science. 2: 12-17. 
 
Beitollahi, A. and Moravej, M. 2004. Phase Formation Study of PZT Nanopowder by 
Mechanical Activation Method at Various Conditions. Journal of Materials 
Science. 39: 5201-5207. 
 
Berlincourt, D. 1964. Variation of Electroelastic Constants of Polycrystalline Lead 
Titanate Zirconate with Thoroughness of Poling. Journal of the Acoustical 
Society of America. 36: 515–520. 
133 
 
Berlincourt, D., Cmolik, C. and Jaffe, H. 1960. Piezoelectric Properties of 
Polycrystalline Lead TitanateZirconate Compositions. Proceedings of the 
Institute of Radio Engineers. 48: 220–229. 
 
Bobet, J.L., Chevalier, B. and Darriet, B. 2002. Effect of Reactive Mechanical Grinding 
on Chemical and Hydrogen Sorption Properties of the Mg 10 wt. % Co 
Mixture. Journal of Alloys and Compounds. 330-332: 738-742. 
 
Boch, P., Niepce, J.C. 2007. Ceramic Materials Process, Properties and Applications. 
Antony Rowe Ltd, Chippendam, Wiltshire. 
 
Boily, S., Alamdari, H., Cross, G., Joly, A.,Neste, A.V., Grutter, P. and Schulz, R.1997. 
Ball Milled ZnO for Varistor Applications. Material Science Forum. 235-238: 
993-998. 
 
Boldyrev, V.V. and Tkacova, K. 2000. Mechanochemistry of Solids: Past, Present and 
Prospects. Journal Materials Synthesis Processing. 8: 121-132. 
 
Boonruang, A., Ngernchuklin, P. and Eamchotchawalit, C. 2012. Effect of Milling 
Method on The Particle size of Calcined 0.65PMN-0.35PT Powder. Journal of 
Metals, Materials and Minerals. 22: 55-59. 
 
Brady, G.S. and Clauser, H.R. 1991. Materials Handbook, 13th Edition, McGraw-Hill, 
New York, pp. 849. 
 
Brankovic, Z., Brankovic, G., Jovalekic, C., Maniette, Y., Cilense, M. and Varela, J.A. 
2003. Mechanochemical Synthesis of PZT Powders. Materials Science and 
Engineering A. 345: 243-248. 
 
Bronkovic, Z., Bronkovic, G., Joyalekic, C. and Varela, J.A. 2003. PZT ceramics 
Obtained from Mechanochemically Synthesized Powders. Journal of Materials 
Science, Materials in Electronics. 14: 37-41. 
 
Brize, V., Gruener, G., Wolfman, J., Fatyeyeva, K., Tabellout, M., Gervais, M. and 
Gervais, F. 2006. Garain Size Effects on the Dielectric Constant of CaCu3Ti4O3 
Ceramics. Material Science Engineering B. 129: 135-138. 
 
Callister Jr., W.D. 2000. Materials Science and Engineering an Introduction, 5th ed., 
New York: John Wiley & Sons. 
 
Callister Jr., W.D. 2007. Materials Science and Engineering an Introduction, 7th ed., 
New York: John Wiley & Sons. 
 
Camargo, E.R., Frantti, J. and Kakihana, M. 2001. Low-temperature Chemical 
Synthesis of Lead Zirconate Titanate (PZT) Powders Free from Halides and 
Organics. Journal of Materials Chemistry. 11: 1875–1879. 
 
134 
 
Camilo de Souza, E.C. and Muccillo, R. 2010. Properties and Applications of 
Perovskite Proton Conductors. Materials Research. 13: 1439-1516. 
 
Cao, L.Z., Meng, Q.D., Fu, W.Y., Wang, S.F., Lei, M., Cheng, B.L., Zhou, Y.L. and 
Chen Z.H. 2007. Effect of Annealing on the Crystal Structure and Dielectric 
Properties of Ba0.6Sr0.4TiO3 Thick Films. Physica B. 393: 175–178. 
 
Cao, W. and Randall, C.A. 1996. Grain Size and Domain Size Relations in Bulk 
Ceramic Ferroelectric Materials. Journal of Physics Chemistry Solids. 57: 
1499–1505  
 
Caspari, M.E. and Merz, W.J. 1950. The Electromechanical Behavior of BaTiO3 Single 
Domain Crystals. Physical Review. 80: 1082-1089.  
 
Catalan, G. 2006. Magnetocapacitance without Magnetoelectric Coupling. Applied 
Physics Letters. 88: 102902. 
 
Cava, R.J., Fleming, R.M., Rietman, E.A., Dunn, R.G. and Schneemeyer, L.F. 1984. 
Thermally Stimulated Depolarization of the Charge-Density Wave 
in K0.3MoO3. Physical Review Letters. 53: 1677  
 
Celi, L.A., Caballero, A.C., Villegas, M., De Frutos, J. and Fernandez, J.F. 2002. Effect 
of Grain Growth Control on PZT Properties. Ferroelectrics. 270: 105-110 
 
Chen, H.D., Udayakumar, K.R., Cross, L.E., Bernstein, J.J. and Niles, L.C. 1995. 
Dielectric, Ferroelectric and Piezoelectric Properties of Lead Zirconate Titanate 
Thick Films on Silicon Substrates. Journal of Applied Physics. 77: 3349–3353. 
 
Chen, H., Guo, X. and Meng, Z. 2002. Processing and Properties of PMMN-PZT 
Quaternary Piezoelectric Ceramics for Ultrasonic Motors. Materials Chemistry 
and Physics. 75: 202-206. 
 
Chen, X., Ma, H.Y., Ding, W., Zhang, Y., Zhao, X., Liang, X. and Liu, P. 2011. 
Microstructure, Dielectric, and Piezoelectric Properties of Pb0.92Ba0.08Nb2O6–
0.25  wt% TiO2 Ceramics: Effect of Sintering Temperature. Journal of 
American Ceramic Society. 94: 3364–3372. 
 
Choa, X., Yang, Z., Xiong, L. and Li, Z. 2011. Effect of Addition of Ba(W0.5Cu0.5)O3 in 
Pb(Mg1/3Nb2/3)O3-Pb(Zn1/3Nb2/3)O3-Pb(Zr0.52Ti0.48)O3 Ceramic on the Sintering 
Temperature, Electrical Properties and Phase Transition. Journal of Alloys and 
Compounds. 509: 512-517. 
 
Chao, X., Yang, Z., Chang, Y. and Dong, M. 2009. Temperature Dependence 
Piezoelectric Properties of Low Temperature Sintered PZT-PFW-PMN 
Ceramics with Additive LiSbO3. Journal of Alloys and Compound. 477: 243-
249.  
 
135 
 
Choudhurya, S., Bhuiyan, M.A. and Hoque, S.M. 2011. Effect of Sintering Temperature 
on Apparent Density and Transport Properties of NiFe2O4: Synthesized from 
Nano Size Powder of NiOand Fe2O3. International Nano Letters. 1: 111–116 
 
Chung, H.T. and Kim, H.G. 1987.Characteristics of Domain in Tetragonal Phase PZT 
Ceramics. Ferroelectrics. 76:327–333. 
 
Coble, R.L. 1985. Grain Growth in Sintered ZnO and ZnO-Bi2O3 Ceramics. Journal of 
Applied Physics. 56: 131-141. 
 
Davis, M.J., Vullo,  P., Mitra, I., Blaum, P., Gudgel, K-A., Donnelly,N.J. and Randall, 
C.A. 2008. Ferroelectric and Nonferroelectric (Polar) Piezoelectric Glass–
Ceramics. Journal of the American Ceramic Society. 91:2878–2885.  
 
Demartin, M. and Damjanovic, D.  1996. Dependance of the Direct Piezoelectric Effect 
in Coarse and Fine Grain Barium Titanate Ceramics on Dynamic and Static 
Pressure. Applied Physic Letter. 68: 3046–3048 
 
Desu S.B. and Yoo, I.K. 1992.Electrochemical Models of Failure in Oxide Perovskites. 
ISIF 92 Proceedines. 
 
Donnelly N.J., Shrout T.R., and Randall C.A. 2007.Addition of a Sr, K, Nb (SKN) 
Combination to PZT (53/47) for High Strain Application. Journal of American 
Ceramic Society. 90: 490-495. 
 
Dwivedi, R.K., Kumar, D. and Parkash, O. 2001. Structure and Dielectric Behaviour of 
Valence Compensated Perovskite Oxide Sr1-xLaxTi1-xCrxO3 Ceramics. British 
Ceramics Transaction. 100: 115-119. 
 
Eitssayeam, S., Intatha, U., Rujijanagul, G., Pengpat. K. and Tunkasiri, T. 2006. A 
Structural and Electrical Properties Characterizationof (1–x)PbZr0.52Ti0.48O3-
xBaFe0.5Nb0.5O3System. Applied Physic A., Materials Science & Processing. 
83: 295–299.  
 
El-Salam, F.A., Tawfik, A. and Eatah, A.I. 1985. Effect of Zirconium Concentration 
and Doping with Sr and Al on the Sintering and Electromechanical Properties 
of Lead ZirconateTitanate Ceramics. Ferroelectrics. 65: 131-141.  
 
Farhat, N. and Essolaani, W. 2012.Low polarization switching in Lead Zirconate 
Titanate (PZT) Ceramics. IOP Conference Series: Materials Science and 
Engineering. 28: 012013. 
 
Feinstein, A. and Teschler, L. 2004. Coarse and Fine Combined.Machine Design. 76 
 
Forrester, J.S., Goodshaw, H.J., Kisi, E.H., Suaning, G.J. and Zobec, J.S. 2008. Effect 
 of Milling on the Sintering Behavior of Alumina. Journal of America Ceramic 
 Society. 44: 47-52. 
 
136 
 
Foster, F.S., Ryan L.K. and Turnbull, D.H. 1991. Characterization of Lead 
ZirconateTitanate Ceramics for Use in Miniature High-Frequency (20-80 MHz) 
Transducers. IEEE Transactions on Ultrasonics, Ferroelectrics And Frequency 
Control. 38: 446-453. 
 
Fu, Y-P., Wen, S-B., and Lu, C-H. 2008. Preparation and Characterization of Samaria-
Doped Ceria Electrolyte Materials for Solid Oxide Fuel Cells. Journal of the 
American Ceramic Society. 91: 127-131. 
 
Goldberg, R.L. and Smith, S.W. 1994. Multilayer Piezoelectric Ceramics for Two-
Dimensional Array Transducers. IEEE Transactions on Ultrasonics, 
Ferroelectrics and Frequency Control. 41: 761-771. 
 
Goodman, G., Buchanan, R.C., and Reynolds III, T.G. 1991. Ceramic Capacitor 
Materials, Chap. 2, in Ceramic Materials for Electronics-Processing, 
Properties, and Applications. Second Edition, edited by R. C. Buchanan, 
Marcel Dekker, New York. 
 
Hammami, H., Arous, D.,Lagache, M. and Kallel, A. 2008. Electrical Conduction and 
Dielectric Properties in Piezoelectric Fibre Composites. pp.169-189. 
 
Hammer, M. and Hoffmann, M.J. 1998. Detailed X-ray Diffraction Analyses and 
Correlation of Microstructural and Electromechanical Properties of La doped 
PZT  Ceramics. Journal of Electroceramics. 2: 75-84. 
 
Hartal, K.H. 1976. Physics of Ferroelectric Ceramics used in Electronic Devices. 
Ferroelectrics. 12: 9-19. 
 
Havinga, E.E. 1961. The temperature Dependance of Dielectric Constants. Journal of 
Physics and Chemistry of Solids. 18: 253-255. 
 
He, L., Neaton, J.B., Vanderbilt, D. and Cohen, M.H. 2003. Lattice Dielectric Response 
of CdCu3Ti4O12 and CaCu3Ti4O12 from first Principles.Physical Review B. 67: 
012103. 
 
Hirashima, H., Onishi, E. and Nakagowa, M. 1990. Preparation of PZT Powders from 
metal Alkoxides. Journal of the Non-Crystal Solids. 121: 404-406. 
 
Hirofumi, T., Yoshiki, N., Junji T., Kazuya, M., Jinhao, Q. and Sadahiro, T. 2006. Lead 
Free Barium Titanate Ceramics with Large Piezoelectric Constant Fabricated by 
Microwave Sintering. Japanese Journal of Applied Physics. 45: 30–32. 
 
Howard, C.J. and Kennedy, B.J. 1999. The Orthorhombic and Rhombohedral Phases of 
LaGaO3 - A Neutron Powder Diffraction Study. Journal of Physic: 
Condensations Matter. 11: 3229–3236. 
 
Hsiao, Y-J., Chang, Y-S., Fang, T-H., Chai, Y-L., Chung, C-Y.and Chang, Y-H. 2007. 
High dielectric permittivity of Li and Ta co-doped NiO ceramics. Journal of 
Physic D: Applied Physic. 40: 863–868. 
137 
 
 
Huang, C.-L. and Tsai, J.-T. 2001. Effects of Sintering Temperature on CaO-Li2O-
 Sm2O3-TiO2 Microwave Dielectric Ceramic. Proc. Natl. Sci. Counc. ROC (A). 
 25: 317-321. 
 
Ichinose, N. and Kimura, M. 1991. Preparation and Properties of Lead Zirconate-
Titanate Piezoelectric Ceramics Using Ultrafine Particles. Japanese Journal of 
Applied Physics. 30: 2220  
 
Jaffe, B., Cook, W.R. and Jaffe, H. 1971. Piezoelectric Ceramics. Academic Press: New 
York. pp.1-5. 
 
Jaffe, B., Roth, R.S. and Marzullo, S. 1954. Piezoelectric Properties of Lead Zirconate-
Lead Titanate Solid-Solution Ceramics. Journal of Applied Physics. 25: 809–
810 
 
James A.R. and Subrahmanyam, J. 2006. Processing and Structure-Property Relation of 
Fine- Grained PLZT Ceramics Derived from Mechanochemical Synthesis. 
Journal of Material Science: Material Electron. 17: 529–535. 
 
Jiang, J.Z., Lin, R., Lin, W., Nielsen, K., Morup, S., Dam-Johansen, K. and Clasen, R. 
1997. Gas-sensitive Properties and Structure of Nanostructured (ɑ-Fe2O3)x–
(SnO2)1-x Materials  Prepared by Mechanical Alloying. Journal of  Physics D: 
Applied Physics. 30: 1459. 
 
Jin, D.Z., Chen, X.M. and Xu, Z.C. 2004. Influence of Dispersed Coarse Grains on 
Mechanical and Piezoelectric Properties in (Bi1/2Na1/2)TiO3 Ceramics. Material 
Letters. 58: 1701–1705. 
 
Jin, S., Xia, H., Zhang, Y., Guo, J. and Xu, J. 2007. Synthesis of CaCu3Ti4O12 Ceramic 
via a Sol-Gel Method. Materials Letters. 61: 1404-1407. 
 
Kahn, M., Burks, D. P., Burn, I., and Schulze, W. A. 1988. Ceramic Capacitor 
Technology, In: L.M. Levinson, Editor, Electronic ceramics, New York: Marcel 
Dekker. 
 
Kao, K.C. 2004. Dielectric Phenomena in Solids with Emphasis on Physical Concepts 
of Electronic Processes, London: Elsevier Incorporation. 
 
Kim, S‐B., Kim, D-Y., Kim, J-J. and Cho, S-H. 1990. Effect of Grain Size and Poling 
on the Fracture Mode of Lead ZirconateTitanate Ceramics. Journal of the 
American Ceramic Society. 73: 161‐163. 
 
Kingery, W.D., Bowen, H.K. and Ulhmann, D.R. 1976. Introduction to Ceramics, 2nd 
ed., New York: Wiley. 23: 112-116. 
 
Kingon, A.I. and Clark, J.B. 1983.Sintering of PZT Ceramics: II, Effect of PbO Content 
on Densification Kinetics. Journal of the American Ceramic Society. 66: 256-
260. 
138 
 
Kong, L.B., Ma, J., Huang, H.T., Zhu, W. and tan, O.K. 2001.Lead Zirconate Titanate 
Ceramics Derived from Oxide Mixture Treated by a High-energy Ball Milling 
Process. Materials Letters. 50: 129–133. 
 
Kong, L.B., Ma, J., Zhang, R.F., Zhu, W. and Tan, O.K. 2002a. Lead Zirconate Titanate 
Ceramics Achieved by Reaction Sintering of PbO and High-Energy Ball Milled 
(ZrTi)O2 Nanosized Powders. Materials Letters. 55: 370–377. 
 
Kong, L.B., Ma, J., Zhu, W. and Tan, O.K. 2002b. Phase Formation Lead Zirconate 
Titanate via a High-energy Ball Milling Process. Journal of Materials Science 
Letters. 21: 25-27. 
 
Kong, L.B., Zhu, W. and Tan, O.K., 2000. Preparation and Characterization of Lead 
Zirconate Ceramics from High-Energy Ball Milled Powder. Materials Letters. 
42: 232–239.  
 
Kumari, N., Singh, A. and Mandal, J. 2013. Lead Zirconate Titanate Piezoelectric 
Ceramics with Nickel Oxide Additions. International Refereed Journal of 
Engineering and Science. 2: 51-55. 
 
Kutty, T.R.A.N. and Balachandran, R. 1984. Direct Precipitation of Lead Zirconate 
Titanate by the Hydrothermal Method. Material Resesources Bulletin. 19: 
1479– 1488. 
 
Kwon, S. and Cann, D. P. 2010. Influence of the Processing Rates and Sintering 
Temperatures on the Dielectric Properties of CaCu3Ti4O12Ceramics. Journal of  
Electroceramic. 24: 231–236. 
 
Kwon, S., Huang, C.C., Patterson, E.A., Cann, D.P., Alberta, E.F. and Hackenberger, 
W.S. 2007. The Effect of Cr2O3, Nb2O5 and ZrO2 Doping on the Dielectric 
Properties of CaCu3Ti4O12. Materials Letters. 62: 633–636 
 
Lee, S-H., Lee, S-G., and Lee, Y-H.2012.Electrical Properties of Lead-Free 
0.98(Na0.5K0.5)NbO3-0.02Ba(Zr0.52Ti0.48)O3 Piezoelectric Ceramics by 
Optimizing Sintering Temperature. Nanoscale Resources Letter. 7: 15. 
 
Lee, B.W. 2004. Synthesis and Characterization of Compositionally Modified PZT by 
Wet Chemical Preparation from Aqueous Solution. Journal of European 
Ceramics Society. 24: 925-929. 
 
Lehman, L.R., Strange, D.J. and Fischer, W.F. 1999. Mechanical Engineering 
Handbook, Edition Frank Kreith, Boca Raton: CRC Press LLC. pp. 12-85. 
 
Leite, E.R., Cerqueira, M., Perazoli, L.A., Nasar, R.S., Longo, E. and Varela, J.A. 1996. 
Mechanism of Phase Formation in Pb(ZrxTi1-x )O3 Synthesized by a Partial 
Oxalate Method. Journal of American Ceramics Society. 79:1563. 
 
139 
 
Lejeune, M. and Boilot, J.P. 1983. Influence of Ceramic Processing on Dielectric   
Properties of Perovskite Type Compound: Pb(Mg1/3, Nb2/3)O3. Ceramics 
International. 9: 119–122 
 
Li, J., Cho, K., Wu, N. and Ignatiev, A. 2004. Correlation Between Dielectric Properties 
and  Sintering Temperatures of Polycrystalline CaCu3Ti4O12. IEEE 
Transactions on Dielectrics and Electrical Insulation. 11: 534-541. 
 
Lines, M. E. and A. M. Glass, A. M. 1977. Principles and Applications of Ferroelectric 
and Related Materials, Clarendon Press, Oxford. 
 
Lunkenheimer, P., Fichtl, R., Ebbinghaus, S.G. and Loidl, A. 2004. Non-intrinsic Origin 
of the Colossal Dielectric Constants in CaCu3Ti4O12. Physical Review B. 70: 
172102. 
 
Markose, S., Patange, S.R., Raja, S., Jain, A. and Elia, B. 2013. Experimental Study on 
Dimension Effect of PVDF Film on Energy Harvesting. International Journal 
of Advanced Research in Electrical, Electronics and Instrumentation 
Engineering. 2: 270-279. 
 
Marrero, J.C., Suarez-Gomez, A., Blesa, J.S. and Calderon-Pinar, F. 2009. Effect of 
Sintering Condition on Properties of Cr-doped Pb0⋅95Sr0⋅05(Zr0⋅53Ti0⋅47)O3 
Ceramics. Bulletin Material Science. 32: 381–386.   
 
Martirena, H.T. and Burfoot, J.C. 1974. Grain Size Effects on Properties of Some 
Ferroelectric Ceramics. Journal of Physics C: Solid State Physics. 7: 3182–
3192 
 
Miclea, C., Tanasoiu, C., Gheorghiu, A., Miclea, C.F. and Tanasoiu, V. 2004. Synthesis 
and Piezoelectric Properties of Nanocrystalline PZT-based Ceramics Prepared 
by High Energy Ball Milling Process. Journal of Materials Science. 39: 5431-
5434. 
 
Miclea, C. and Tanasoiu, C. 2007. Effect of Lead Content on the Structure and 
Piezoelectric  Properties of Hard Type Lead Titanate Zirconate Ceramics. 
Journal of the European Ceramic Society. 27: 4055-4059. 
 
Mishra, P., Sonia, B. and Kumar, P. 2012. Effect of Sintering Temperature on 
Dielectric, Piezoelectric and Ferroelectric Properties of BZT–BCT 50/50 
Ceramics. Journal of Alloys and Compounds. 545: 210–215. 
 
Moheimani, S.O.R. and Fleming, A.J. 2006. Piezoelectric Transducers for Vibration 
Control and Damping, Springer, Germany. 
 
Moulson, A.J. and Herbert, J.M. 1990. Electroceramics-Materials, Properties and 
Application, London: Chapman & Hall. 
 
Moulson, A.J. and Herbert, J.M. 1992. Electroceramics: Materials, Properties, 
Applications. Second edition, West Sussex: John Wiley and Sons. pp. 71-77. 
140 
 
Moulson, A.J. and Herbert, J.M. 2003. Electroceramics-Materials, Properties and 
Application, London: Chapman & Hall. 
 
Moure,C., Villegas, M., Fernandez, J.F. and Duran P. 1992. Microstructural and 
Piezoelectric Properties of Fine Grained PZT Ceramics Doped with Donor 
and/or Acceptor Cations. Ferroelectrics. 127: 113–118. 
 
Moussa, M.S. and Kennedy, J.B. 2001. Structural Studies of the Distorted Perovskite 
Ca0.25Cu0.75TiO3. Materials Research Bulletin. 36: 2525–2529. 
 
Mu, C-H., Liu, P., He, Y., Zhou, J-P. and Zhang, H-W. 2009. An Effective Method to 
Decrease Dielectric Loss of CaCu3Ti4O12 Ceramics.Journal of Alloys and 
Compounds. 471: 137–141. 
 
Naceur, H., Megriche, A. and El Maaoui, M. 2014. Effect of Sintering Temperature on 
Microstucture and Electrical Properties of Sr1-x(Na0.5Bi0.5)xBi2Nb2O9 Solid 
Solutions. Journal of Advanced Ceramics. 3: 17-30. 
 
Nasar, S.R., Cerqueira, M., Longo, E., Varela, J.A. and Beltran, A. 2002. Experimental 
and Theoretical Study of the Ferroelectric and Piezoelectric Behavior of 
Strontium-doped PZT. Journal of the European Ceramic Society. 22: 209–218. 
 
Newnham, R.E. 1975. Structure - Property Relations. Springer, New York. 
 
Newnham, R.E. 1998. Phase transformations in smart materials. Acta Crystal A. 54: 
729. 
 
Ni, L., Chen, X.M., Liu, X.Q. and Hau, R.Z. 2006. Microstructure Dependent Giant 
Dielectric Response in CaCu3Ti4O12 Ceramics. Solid State Communications. 
139: 45–50. 
 
Nicoara, G., Fratiloiu, D., Nogues, M., Dormann, J.L. and Vasiliu, F. 1997. Ni–Zn 
Ferrite Nanoparticles Prepared by Ball Milling. Material Science Forum. 235–
238: 145–150. 
 
Nigro, R.L., Toro, R.G., Malandrino, G., Fragala, I.L., Fiorenza, P. and Raineri, V. 
2007. Effects of High Temperature Annealing on MOCVD Grown CaCu3Ti4O12 
Films on LaAlO3 Substrates. Journal of Surface & Coatings Technology. 201: 
9243–9247 
 
Okazaki, K. and Nagata, K. 1973. Effect of Grain Size and Porosity on Electrical and 
Optical Properties of PLZT Ceramics. Journal of the American Ceramic 
Society. 56: 82-86. 
 
Ott, H.W. 1988. Electromagnetic Compatibility Engineering. New Jersey: John Wiley 
& Sons. Inc. 
 
 
141 
 
Pakizeh,E., Khorrami, G.M., Ghasemifard, M., Hosseini, S.M., Kompani, A. and 
Shahtahmasebi, N. 2012. Characterization and Comparison of PZT Powder 
Synthesis by Solid State and Sol Gel Method. Iranian Journal of Physics 
Research. 12: 24. 
Pampuch, R. 1976. Ceramic Materials: An Introduction to their Properties. Elsevier, 
 Scientific Publishing Company, NY. 
 
Potnis, P.R., Tsou, N-T.and Huber, J.E. 2011. A Review of Domain Modelling and 
Domain Imaging Techniques in Ferroelectric Crystals.Materials. 4: 417-447. 
 
Prakash, B.S. and Varma, K.B.R. 2006. Effect of Sintering Conditions on the 
Microstructural, Dielectric, Ferroelectric and Varistor Properties of 
CaCu3Ti4O12 and  La2/3Cu3Ti4O12 Ceramics Belonging to the High and Low 
Dielectric Constant Members of ACu3M4O12 (A ¼ Alkali, Alkaline-earth Metal, 
Rare- earth Metal or Vacancy, M ¼ Transition Metal) Family of Oxides. 
Physica B. 403: 2246-2254. 
 
Praveenkumar, B., Kumar, H.H., Kharat, D.K. and Murty, B.S. 2008. Investigation and 
Characterization of La-doped PZT Nanocrystalline Ceramic Preparedby 
Mechanical Activation Route. Material Chemistry Physics. 112: 31–34. 
 
Prewitt, A.D. and Jones, J.L. 2011. Effects of the Poling Process on Piezoelectric 
Properties in Lead Zirconate Titanate Ceramics. Ferroelectric. 419: 39–45. 
 
Puttmer, A., Hauptmann, P., Lucklum, R., Krause, O. and Henning, B. 1997. SPICE 
Models for Lossy Piezoceramics Transducers. IEEE Transition Ultrasonic 
Ferroelectric  Frequency Control. 44: 60–66 
 
Quamara, J.K., Singh, N. and Singh, A. 2002. Temperature and Frequency Dependent 
Dielectric Constant/Loss Studies in Pristine and High Temperature Annealed 
Poly  (p-PhenyleneSulphide). Indian Journal of Pure and Applied Physics. 40: 
436-441. 
 
Raevski, I.P., Prosandeyev, S.A., Bogatin, A.S., Malitskaya, M.A. and Jastrabik, L. 
2003. High  Dielectric Permittivity in AFe1/2B1/2O3 Nonferroelectric 
Perovskite Ceramics (A = Ba, Sr, Ca; B = Nb, Ta, Sb). Journal of Applied 
Physic. 93: 4130–4136. 
 
Rahaman, M.N. 2003. Ceramic Processing and Sintering. CRC press, New York, pp. 
145. 
 
Ramana, M.V., Kiran, S.R., Reddy, N.R., Kumar, K.V.S., Murthy, V.R.K. and Murthy, 
B.S. 2011. Investigation and Characterization of Pb(Zr0.52Ti0.48)O3 
Nanocrystalline Ferroelectric Ceramics: By Conventional and Microwave 
Sintering Methods. Journal of Materials Chemistry and Physics. 126: 295-300. 
 
142 
 
Ramirez, A.P., Subramanian, M.A., Gardel, M., Blumberg, L.D., Vogt, T. and Shaprio, 
S.M. 2000. Giant Dielectric Constant Response in a Copper Titanate. Solid 
State Communications. 115: 217-220. 
 
Ren, W., Yu, Z., Krstic, V.D., and Mukherjee, B.K. 2004.Structure and Properties of 
High Dielectric Constant CaCu3Ti4O12 Ceramics. IEEE International 
Ultrasonic,  Ferroelectrics and Frequency Control, Joint 50
th
 Annual 
Conference. pp. 149. 
 
Reznichenko, L.A., Shilkina, L.A., Razumovskaya, O.N., Yaroslavtseva,  E.A., 
Dudkina, S.I.,Demchenko, O.A., Yurasov, Y.I., Esis, A.A. and Andryushina, 
I.N.  2008. Phase x-T Diagram of Actual Solid Solutions of the 
(1− x)PbZrO3-xPbTiO3 System (0.37 ≤ x ≤ 0.57). Physics of the Solid State. 
50: 1527-1533. 
 
Roy, S. and Bysakh, S. 2011. Ultrafine PZT Based Ceramics Synthesized by Auto-
Ignition of Metal-Polymer Gel: Enhanced Sinterablity and Higher Remnant 
Polarization. Materials Chemistry and Physics. 126: 948-954. 
 
Sahoo, B., Jaleel, V.A. and Panda, P.K. 2006.Development of PZT Powders by Wet 
Chemical Method and Fabrication of Multilayered Stacks/Actuators. Material 
Science and Engineering B. 126: 80-85. 
 
Sahoo, B. and Panda, P.K. 2005. Piezoelectric, Dielectric and Ferroelectric Properties of 
Ceria Doped PZT Prepared by Mixed Oxide Route. Proceeding of International 
Conference on Smart Materials, Structures and System, Banglore, India. 
 
Sanchez-Benitez J., Alonso J.A., Andres A., Martinez-Lope M.J., Casais M.T. and 
Martinez J.L. 2004. Improving Room Temperature Magneto-Resistance in 
Derivatives of Ferromagnetic CaCu3Mn4O12 Perovskite. Journal of Magnetism 
and Magnetic Materials. 118: 1407-1409. 
 
Santos, W. J. 2009. Materials Characterization Techniques: Applications and Features. 
Scientia Plena. 5: 1-6. 
 
Sashida, T. and Kenjo, T. 1993.An Introduction to Ultrasonic Motors. New York: 
Oxford University Press. 
 
Sayer, M., Judd B.A., EI-Assal, K. and Prasad, E. 1981. Poling of Piezoelectric 
Ceramics.Journal of the Canadian Ceramic Society. 50: 301-310. 
 
Schwartz, M. 2009. Smart Materials. CRC Press., United States of America 
 
Seal, A., Mazumder,  R., Sen, A. and Maiti, H.S. 2006. Fast Firing of Lead Zirconate 
Titanate Ceramics at Low Temperature. Materials Chemistry and Physics. 97: 
14-18. 
 
Segal, D. 1989. Chemical Synthesis of Advanced Ceramic Materials.Chemistry of Solid 
State Material. New York: Cambridge University Press. 
143 
 
Seo, S-B., Lee, S-H., Yoon, Ch-B., Park, G–T. and Kim, H-E. 2004. Low-Temperature 
Sintering and Piezoelectric Properties of 0.6Pb(Zr0.47Ti0.53)O3-
0.4Pb(Zn1/3Nb2/3)O3 Ceramics. Journal of the American Ceramic Society. 87: 
1238- 1243. 
 
Seung, H.L., Chang, B.Y., Seung, B.S. and Hyoun, E.R. 2003. Effect of Lanthanum on 
Piezoelectric Properties of Lead Zirconate Titanate – Lead Niobate 
Ceramics.School of Materials Science and Engineering Seoul National 
University Korea. 18: 1765-1770. 
  
Setter, N. and Waser, R. 2000. Electroceramic Materials. Acta Materials. 48: 151-178. 
 
Seymen, A., Tan, X., Maria, J.P. and Cann, D. 2005. Effects of Processing Conditions 
on the Dielectric Properties of CaCu3Ti4O12. Journal of Electroceramics. 15: 
203–208. 
 
Shackelford, J.F. (1992). Introduction of Materials Science for Engineers. Macmillan 
 Publishing Company, USA. 
 
Shao, S.F., Zhang, J.L., Zheng, P. and Wang, C.L. 2007. Effect of Cu-stoichiometry on 
the Dielectric and Electric Properties in CaCu3Ti4O12 Ceramics. Solid State 
Communications. 142: 281–286. 
 
Sharma, S., Azad, S.C., Khan, M.S., Ranjan, R., Behera, B. and Choudhary, R.N.P. 
2014. Structural, Dielectric and Transport Properties of Gd
3+
- Modified Lead 
Zirconate titanate [Pb1-xGdx(Zr0.65Ti0.35)1-x/4O3] Ceramics. International Journal 
of Emerging Technology and advanced Engineering. 4: 296-300. 
 
Shirane, G. and Takeda, D.A. 1952. Phase transitions in solid solutions of PbZrO3 and 
PbTiO3. I. Small concentrations of PbTiO3. Journal of the Physical Society of 
Japan.7: 5–11. 
 
Shirane, G., Suzuki, K. and Takeda, A. 1952. Phase Transitions in Solid Solutions of 
PbZrO3 and PbTiO3 (II): X-ray Study. Journal of the Physical Society of Japan. 
7: 12–18. 
 
Shrout, T.R., Patet, P., Kim, S. and Lee, G.S. 1990. Conventionally Prepared 
Submicrometer Lead Based PerovskitePowders by Reactive Calcination. 
Journal of American Ceramic Society. 7: 1862. 
 
Singh, A.K., Goel, T.C., Mendiratta, R.G., Thakur, O.P. and Prakash, C. 2002. 
Dielectric Properties of Mn-substituted Ni–Zn Ferrites. Journal of Applied 
Physics. 91: 6626-6629. 
 
Smith, R.C. and Hom, C.L. 1999. Domain Wall Theory for Ferroelectric Hysteresis. 
Journal of Intelligent Material Systems and Structures. 10: 195‐213. 
 
144 
 
Subramanian, M.A., Dong, L.,Duan, N., Reisner, B.A. and Sleight, A.W. 2000. High 
Dielectric Constant in ACu3Ti4O12 and ACu3Ti3FeO12 Phases. Journal of Solid 
State  Chemistry. 151: 323-325. 
 
Sukon, P. and Robert, B.H. 2004. Hydrothermal Synthesis of Submicron- to Nano-sized 
Ferroelectric powders: Properties and characterization. Journal of Chiang Mai 
University. 3: 2 
 
Surowiak, Z. and Czekaj, D. 2003. Influence of the Chemical Composition on the 
Physical Properties of PZT Type Piezoceramic Ttransducers. Molecular and 
Quantum Acoustics. 24: 183-209. 
 
Surowiak, Z. 2006. Piezoelectronic Materials on the Basis of Ferroelectric Ceramics. 
Molecular and Quantum Acoustics. 27: 265-284. 
 
Sutar, B.C., Padhee, R., Das, P.R. and Choudhary, N.P. 2013. Ferroelectric Phase 
Transition and Electrical Properties of Ba(Bi0.5Ta0.5)O3. Journal of 
Electroceramic. 32: 152-164.  
 
Swartz, S.L. and Shrout, T.R. 1982. Fabrication of Perovskite Lead Magnesium 
Niobate. Material Resources Bulletin. 17: 1245-1250. 
 
Tasarkuyu, E., Coskun, A., Irmark, A.E., Akturk, S., Unlu, G., Samancioglu, Y., Yucel, 
A., Sarikurkcu, C., Aksoy, S. and Acet, M. 2011. Effect of High Temperature 
Sintering on  the Structural and the Magnetic Properties of La1.4Ca1.6Mn2O7. 
Journal of Alloys Compound. 509: 3717–3722. 
 
Tripati, R., Dogra, A., Srivastava, A.K., Awana, V.P.S., Kotnala, R.K., Bhalla, G.L. and 
Kishan, H. 2009. Influence of Sintering Temperature and Oxygen Annealing on 
Transport Properties of La0.67Ca0.33MnO3. Journal of Physics D: Applied 
Physics. 42: 025003. 
 
Tzau H.S., Natori M.C. 2001. Piezoelectric Materials and Continua, Encyclopedia of 
Vibration, Academic Press: United Kingdom 
 
Uchino, K. 1997. Piezoelectric Actuators and Ultrasonic Motors. Boston, Dordrecht, 
London: Kluwer Academic Publishers. 
 
Uchino, K. 2000. Ferroelectric Devices. Marcel Dekker, Inc., New York. 
 
Uchino, K., Cagatay, S., Koc, B., Dong, S., Bouchilloux, P. and Strauss, M. 2004. Nicro 
Piezoelectric Ultrasonic Motors. Journal of Electroceramics. 13: 393-401. 
 
Vijay, D.P., Kwok, C.K., Pan, W., Yoo, I.K. and Desu, S.B. Electrode Effects on the 
Electrical Properties of Ferroelectric Thin Films. Department of Materials 
Engineering Virginia Polytechnic Institute and State University Blacksburg, 
VA. pp. 408-411. 
 
145 
 
Villegas, M., Fernandez, J.F. and Caballero, A.C. 1999. Effect of PbO Excess in 
Pb(Mg1/3Nb2/3)O3-PbTiO3 Ceramics: Part II Microstructure Development. 
Journal of Material Resources. 14: 898-902. 
 
Volkan, K., I˙brahim, C. and Muharrem, T. 2011. Dielectric and Piezoelectric 
Properties of PZT Ceramics Doped with Strontium and Lanthanum 
Applications.  Journal of America Ceramics International. 37: 1265–1275. 
 
Vuong, L.D., Gio, P.D., Chuong, T.V., Trang, D.T.H., Hung, D.V. and Duong, N.T. 
2013. Effect of Zr/Ti Ratio Content on Some Physical Properties of Low 
Temperature Sintering PZT−PZN−PMnN Ceramics. International Journal of 
Materials and Chemistry. 3: 39-43. 
 
Wang, C.H., Chang, S.J. and Chang, P.C. 2004. Effect of Sintering Conditions on 
Characteristics of PbTiO3–PbZrO3–Pb(Mg1/3Nb2/3)O3–Pb(Zn1/3Nb2/3)O3. 
Materials Science and Engineering B. 111: 124–130. 
 
Wang, C.C., and Zhang, L.W. 2007. Polaron Relaxation Related to Localized Charge 
Carriers in Pr1−xCaxMnO3. New Journal of Physics. 9: 210-213. 
 
Wang, C.M., Kao, K.S., Lin, S.Y., Chen, Y.C., and Weng, S.C. 2008. Processing and 
Properties of CaCu3Ti4O12 Ceramics. Journal of Physics and Chemistry of 
Solid. 69: 608–610. 
 
Wang, J., Xue, J. M., Wan, D.M. and Gan, B.K., 2000. Mechanically Activating 
Nucleation and Growth of Complex Perovskites. Journal of Solid State 
Chemistry.154: 321-328 
 
Webster, A.H.,Weston, T.B. and Bright, N. F. H. 1967. Effect of PbO Deficiency on 
Lead Zirconate Titanate Ceramics. Journal of the 
American Ceramic Society. 50: 490-491. 
 
Weston, T.B., Webster, A.H. and Mcnamara, V.M., 1969. Lead Zirconate-Lead Titanate 
Piezoelectric Ceramics with Iron Oxide Additions. Journal of the American 
Ceramic Society. 52: 253-257. 
 
Wolf, R.A. and Trolier-McKinstry, S. 2004. Temperature Dependence of the 
Piezoelectric Response in Lead Zirconate Titanate Films. Journal of Applied 
Physics. 95: 1397-1406. 
 
Wu, J., Xiao, D., Wu, W., Chen, Q., Zhu, J., Yang, Z. and Wang, J. 2012. Composition 
and Poling Condition-Induced Electrical Behavior of (Ba0.85Ca0.15)(Ti1-
xZrx)O3 Lead-Free Piezoelectric Ceramics. European Ceramic Society. 32: 891–
898. 
 
Wyatt, O.H. and Hughes, D.D. 1974. Metals, Ceramics and Polymers. Cambridge 
University Press, New York. 
 
146 
 
Xu, Y. 1991. Ferroelectric Materials and their Applications. Elsevier Science 
Publishers B. 
 
Xue, J.M., Wan, D.M., Lee, S.E. and Wang, J. 1999. Mechanochemical Synthesis of 
Lead  ZirconateTitanate Form Mixed Oxides. Journal of the American Ceramic 
Society. 82: 1687–1692. 
 
Yadav, T.P.,Yadav, R.M. and Singh, D.P. 2012. Mechanical Milling: A Top Down 
Approach for the Synthesis of Nanomaterials and Nanocomposites. 
Nanoscience and Nanotechnology. 2: 22-48. 
 
Yamanoto, T. 1992. Optimum Preparation Methods for Piezoelectric Ceramics and 
Their Evaluation. American Ceramic Society Bulletin. 71: 978-985. 
 
Yanez-Limon, J.M., Rivera-Ruedas, G., Sanchez De Jesus, F., Bolarin-Miro, A.M., 
Rioboo, R.J. and Munoz-Saldaria, J. 2011. Synthesis of PZT Ceramics by Sol-
Gel  Method and Mixed Oxides with Mechanical Activation Using Different 
Oxides as a Source of Pb. Ferroelectrics. 
 
Yang, A., Wang, C-A., Guo, R.., Huang, Y. and Nan, C-W. 2010. Effect of Sintering 
Behavior on Microstructure and Piezoelectric Properties of Porous PZT 
Ceramic. Ceramic International. 36: 549-554. 
 
Yang, J., Shen, M. and Fang, L. 2005.The Electrode/Sample Contact Effects on the 
Dielectric Properties of the CaCu3Ti4O12 Ceramic. Materials Letters. 59: 3990-
3993. 
 
Yang, Z., Chang, Y., Liu, B. and Wei, L. 2006. Effects of Composition on Phase 
Structure, Microstructure and Electrical Properties of (K0.5Na0.5)NbO3–LiSbO3 
Ceramics. Material Science Engineering A. 432: 292–298. 
 
Ye, Z-G. 2008. Handbook of Advanced Dielectric, Piezoelectric and Ferroelectric 
Materials: Synthesis, Properties and Applications. Woodhead Publishing 
Limited and CRC Press LLC. 
 
Yeo, H-G., Sung, Y-S.,Song, T.K., Cho, J-H.and Kim, M-H. 2009. Donor Doping 
Effects on the Ferroelectric and the Piezoelectric Properties of Pb-Free 
(Bi0:5Na0:5)TiO3 Ceramics. Journal of the Korean Physical Society. 54: 896-
900. 
 
Yimnirun, R., Ananta, S. and Laoratakul, P. 2004. Dielectric Properties of Ceramics in 
Lead Zirconate Titanate - Lead Magnesium Niobate System. Journal of Science 
Technology. 26: 529-536 
 
Yin, Q., Zhu, B. and Zeng, H. 2007.Microstructure, Property and Processing of 
Functional Ceramics. Metallurgical Industry Press, Beijing 
 
 
147 
 
Yoo, J., Lee, I., Paik, D.S. and Park, Y-W. 2009. Piezoelectric and Dielectric Properties 
of  Low Temperature Sintering Pb(Mn1/3Nb2/3)O3-Pb(Zn1/3Nb2/3)O3-
Pb(Zr0.48Ti0.52)O3Ceramics with Variation of Sintering Time. Journal of 
Electroceramics. 23: 519-523. 
 
Yoon, D.Y., Park, C.W. and Koo, J.B. 2001. The Step Growth Hypothesis for 
Abnormal Grain Growth; in Properties and Applications IV, Proceedings of the 
International Workshop on Ceramic Interfaces, Edited by Kang, S.-J.L. and 
Yoo,  H.I. Institute of Materials, London, U.K. pp. 3–21. 
 
Zak, A.K., Abd Majid, W.H. and Darroudi, M. 2010. Synthesis and Characterization of 
Sol-gel Derived Single Phase PZT Nanoparticles in Aqueous Poly Solution. 
Journal of Optoelectronics and Advanced Materials. 12: 1714-1719.  
 
Zang, G., Zhang, J., Zheng, P., Wang, J. and Wang, C. 2005. Grain Boundary Effect on 
the Dielectric Properties of CaCu3Ti4O12 Ceramics. Journal of Physic D: 
Applied Physic. 38: 1824–1827.  
 
Zhang, H. X., Uusimaki, A., Leppavuori, S. and Karjalainen, P. 1994. Phase Transition 
Revealed by Raman Spectroscopy in Screen-Printed Lead Zirconate Titanate 
Thick  Films. Journal of Applied Physic. 76: 4294-4300. 
 
Zhang, Q. and Whatmore, R. 2001. Sol-gel PZT and Mn-doped PZT Thin Films for 
Pyroelectric Applications. Journal of Physics D: Applied Physics. 34: 2296-
2301. 
 
Zhang, S. and Li, F. 2012. High Performance Ferroelectric Relaxor-PbTiO3 Single 
Crystals: Status and Perspective. Journal of Applied Physics. 111: 031301. 
 
Zheng, P., Zhang, J.L., Tan, Y.Q. and Wang, C.L. 2012. Grain-Size Effects on 
Dielectric and Piezoelectric Properties of Poled BaTiO3 Ceramics. 
ActaMaterialia. 60: 5022–5030. 
 
Zhou, Q.F., Chan, H.L.W. and Choy, C.L. 1997. Nanocrystalline Powder and Fibres of 
Lead Zirconate Titanate Prepared by the Sol Gel Process. Journal of Materials 
Process Technology. 63: 281-285. 
 
Zou, Q., Ruda, H., Yacobi, B.G. and Farrell, M. 2002. Microstructural Characterization 
of Donor-Doped Lead Zirconate Titanate Films Prepared by Sol–Gel 
Processing. Thin Solid Films. 402: 65–70. 
